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IN THE SPECIFICATION 



Please amend page 1 by inserting the following heading between the title of the 
invention and the first paragraph: 

"FIELD OF THE INVENTION" 

Please amend page 1 by inserting the following heading between the first and 
second paragraphs: 

"BACKGROUND OF THE INVENTION" 

Please amend page 3 by inserting the following heading on line 6: 

"SUMMARY OF THE INVENTION" 

Please amend page 9 by inserting the following heading on line 12: 
"BRIEF DESCRIPTION OF THE DRAWINGS" 

Please amend page 10 by inserting the following heading on line 3: 
"DETAILED DESCRIPTION OF THE INVENTION" 

Please amend page 19 by inserting the following language between the 
"CLAIMS" heading and claim 1: 

"I/We claim:" 



Please amend page 3 line 7 as follows: 
" In summary, N n accordance with the present invention at least one of the booster" 

Please amend pages 3-9 by deleting the text beginning on page 3 line 22 and 
ending on page 9 line 1 1 as follows: 

" Du e to the r e duc e d l e v e ls of s i ze, noiso and v i brat i on assoc i ated w i th a centrifugal 
comprossor system in compar i son to the conventiona l dry pumps, r e p l acing ono or both 
of the convent i ona l back i ng and boost e r pumps w i th a pump compris i ng a mu l t i- stag e 
c e ntr i fugal compr e ssor m e chan i sm can e nabl e at le ast part of th e pump i ng 
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arr a ng e m e nt to b e mountod on th e proc e ss i ng tool, th e r e by pot e ntia ll y avoid i ng the 
e xp e ns i v e long runs of larg o d i am e t e r p i p e work. 

I t i s d e sirab le to p e rform th e e vacuat i on of a vacuum chamb e r, such as a load l ock 
chamb e r, from atmosph e r i c pr e ssure to a l ow pr e ssur e as quickly as poss i b le . — The 
faster that th i s evacuation can be accomp l ish e d, the h i gher th e rato of process i ng 
substrat e s b e com e s. — How e v e r, dur i ng th e i n i t i a l stag e s of th e e vacuat i on of a chamber 
from atmosph e r i c pr e ssur e using a pump having a mult i stag e pump i ng m e chanism, th e 
compr e ssion of fluid by th e pumping m e chanism can caus e th e fluid pr e ssur e to 
incr e as e abov e atmosph e r i c pr e ssure. — Th i s can r e su l t in und e s i rab le over l oad i ng of 
th e e xhaust stag e s of th e pumping mechan i sm. — I f such a pump i s op e rat e d for a 
sign i ficant p e riod in th i s cond i tion, damag e can occur i n the form of soals and/or 
b e ar i ngs fa i ling, or by impact b e tw ee n th e fragil e rotat i ng i mp elle rs and pump's hous i ng. 

In v ie w of this, i n anoth e r asp e ct th e pr e s e nt inv e ntion prov i d e s a mu l ti - stag e c e ntrifuga l 
compr e ssor m e chan i sm compr i sing a hous i ng, a dr i v e shaft rotatab l y mount e d w i th i n 
th e housing, a plura l ity of f i xod mombors disposed with i n th e hous i ng and d e f i n i ng a 
p l ura l ity of interconnected f l u i d chambers, a p l ura li ty of i mp e l le rs mount e d on th e dr i v e 
shaft and d i spos e d r el at i v e to the f i x e d m e mb e rs such that e ach imp el l e r d e l i v e rs 
compr e ss e d f l u i d to a r e sp e ct i v e f l u i d chamb er, a bypass chann el e xt e nding b e tw ee n 
two of th e f l u i d chambers to e nab le fluid to pass b e tw ee n thos e chamb e rs w i thout 
compr e ssion, and means for contro lli ng the f l ow of f l uid through th e bypass chann e l. 
Compressed f l u i d can thus bo convoyed botwoon f l uid chambers w i thout compr e ss i on, 
which can onab l o a l arger upstream pump i ng stage to operate at fu ll spood w i thout 
causing th e pump e d f l u i d to b e pr e ssur i s e d abov e atmosph e r i c pr e ssur e . 

Th e contro l m e ans is thus pr e f e rab l y arrang e d to op e n th e bypass chann el und e r th e 
i nflu e nc e of a pr e ssur e d i ff e r e nc e b e tw ee n said two of th e f l u i d ch a mb e rs, and i n 
part i cu l ar wh e n th e pr e ssur e i n an upstr ea m on e of sa i d two of th e f l u i d chamb e rs is 
gr e at e r than th e pr e ssure in a downstr e am on e of sa i d two of the flu i d chamb e rs. 

I n a pr e f e rr e d e mbod i ment, sa i d two of th e flu i d chambers are adjacent flu i d chamb e rs 
of th e compr e ssor m e chan i sm, although on e or mor e oth e r f l uid chamb e rs may, 
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a l t e rnat i v el y, s e parat e th e s e two fluid chamb e rs. — For oxamp l o, on e of th e flu i d 
chamb e rs may b e th e first, l ow e st pr e ssur e f l u i d chamb e r of th e pump i ng m e chan i sm, 
and the oth e r f l u i d chamber by tho l ast, high e st pr e ssure flu i d chamber of th e pump i ng 
mechan i sm. Whoro thoso two flu i d chamb e rs ar e adjacent, how e ver, the bypass 
channel may conv e ni e ntly pass through tho fixed member locat e d betwe e n th e flu i d 
chambers. 

Th e contro l m e ans pr e f e rab l y compr i s e s va l v e m e ans, for e xamp le , a valv e m e mb e r 
d i spl a c e ab le in us e b e tw ee n a closed pos i tion and an op e n pos i t i on by pr e ssur i s e d 
fkn4, — Such a va l v e m e mber may be conv e ni e ntly provid e d by a flap va l v e , wh i ch can 
b e conv e n ie nt l y pos i t i on e d w i th i n a flu i d chamber to contro l tho f l ow of f l uid i nto th a t 
f l u i d chamb e r from the bypass chann el . 

Pr e ferab l y, the mechanism compr i ses, for oach f l u i d chamber, a r e spective bypass 
channe l e xtending between that flu i d chamber and tho adjacent downstream flu i d 
chamb e r, and m e ans for controll i ng the flow of f l uid through oach bypass chann el . 

C e ntrifuga l compr e ssor m e chanisms ar e suscept i ble to surg i ng of pumped fluid wh e n 
th e spec i fic flow rat e of th e pump e d f l u i d through a stag e of tho compressor mechanism 
i s r e lat i v el y low. — Th e surging manif e sts itself in a backflow of flu i d i nto tho compressor 
i mp elle r, and adv e rs el y aff e cts th e e ffici e nt op e ration of tho vacuum pump, and i n 
e xtr e m e cond i tions, may actua ll y damag e th e pump. — I n vi e w of this, tho mechanism 
pr e ferably compris e s surg e contro l m e ans for control li ng surg e with i n tho compressor 
m e chan i sm. — Th e r e fore, in a furth e r asp e ct th e pr e sent inv e nt i on prov i d e s a mu l t i stage 
c e ntr i fugal compr e ssor m e chan i sm compris i ng a hous i ng, a driv e shaft rotatab l y 
mount e d w i thin th e hous i ng, a p l ura l ity of fix e d memb e rs dispos e d w i th i n tho housing 
and d e fin i ng a plura li ty of int e rconn e ct e d f l u i d chamb e rs, a p l ura l ity of i mp elle rs 
mount e d on th e driv e shaft and d i spos e d r e lat i v e to th e fix e d m e mb e rs such that each 
i mp elle r d e liv e rs compr e ss e d fluid to a r e sp e ctiv e f l u i d chamb e r, a nd surg e contro l 
m e ans for contro lli ng surg e within th e multi - stag e c e ntrifuga l compressor m e chanism. 

Th e surg e contro l m e ans pr e f e rably comprises m e ans for conv e ying a stream of flu i d to 
oach flu i d chamber, and moans for control li ng tho rate of flow of tho fluid stream i nto 
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e ach f l u i d chamber. — In one e mbodim e nt, th e convey i ng m e ans i s arrang e d to conv e y a 
str e am of gas, such as a i r, nitrog e n or an i n e rt gas, to oach f l u i d chamb e r. — I n anoth e r 
e mbod i ment, th o convoy i ng m e ans i s arranged to convey a str e am of compr o ss o d flu i d 
to e ach fluid chamber. — I n ei th e r cas e , the rat e of flow through th e compr e ssor 
m e chan i sm can b e maintain e d at a va l u e abov e that at which surg i ng wi l l occur. 

Wh e r e th e conv e ying moans i s arranged to convey a stream of compressod flu i d to 
oach f l uid chamber from a downstr e am f l u i d chamb e r, th e conv e ying m e ans pr e f e rably 
compr i s e s, for e ach fluid chamb e r, a flu i d pass a g e (s e parat e from th e pr e viously - 
m e nt i on e d bypass channel) ext e nd i ng b e tw ee n that f l u i d chamb e r and th e adjac e nt 
downstr e am flu i d chamb e r. Th e se flu i d passag e s ar e pr e f e rab l y co - axial. 

The means for contro lli ng th e rat e of flow of th e fluid str e am i nto e ach flu i d chamb e r 
pr e ferab l y compris e s va l ve m e ans. — Th e va l v e m e ans may compr i s e a s e r ie s of va l v e s 
for controlling f l uid flow through r e sp e ct i v e flu i d passag e s or a spoo l va l v e for contro ll ing 
f l uid flow through e ach fluid passag e . Th e va l v e m e ans i s preferably located at l oast 
part i a ll y within tho chamb e r, th e reby avoid i ng tho nood to prov i d e externa l pipe 
connect i ons. — Th e valve m e ans may b e contro l l e d by a s e parat e control l er. — I n ord e r to 
control th e va l v e m e ans, a pr e ssur e s e nsor may b e prov i d e d t o mon i tor the pr e ssur e of 
f l u i d passing through a pump in le t, a s i gnal from the i n le t sensor be i ng supp lie d to a 
control system which controls the open i ng and c l osing of th e valv e m ea ns. — I n addit i on, 
or alternat i ve l y, pr e ssur e s e nsors may b e prov i d e d with i n th e pump i ng m e chanism to 
mon i tor pressure fluctuation w i thin th e pumping m e chan i sm, and thus d e t e ct th e ons e t 
of surging. 

E a ch im p elle r pr e f e rab l y has on one side thereof a plura l ity of van e s or b l ad e s 
e xt e nding between tho innor p e r i ph e ry and th e out e r p e r i ph e ry th e r e of. — Each b l ad e 
pr e f e rably fol l ows a curv e d path. — To faci li tate m a nuf a ctur e , e ach fix e d m e mb e r 
pr e f e rably compr i s e s a d i sc i nt e gra l w i th a r e sp e ct i v e p a rt of th e housing. 

F l u i d that is compr e ss e d by th e compr e ssor m e chan i sm typica ll y b e com e s hot. — to 
ord e r to cool f l u i d pump e d by tho compr e ssor m e chan i sm, part i cularly at tho oxhaust 
stag e s, the mechan i sm preferably compr i s e s means for cooling e ach f i x e d m e mb e r. 
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For e xamp l e, a plural i ty of cool i ng fins may bo prov i dod on on e sid e th e r e of. 
A l t e rnat i v el y, or i n add i tion, th e coo li ng m e ans may compris e m e ans for supp l ying a 
flow of coolant to e ach fixed m e mber. — Th i s can prov i d e d i rect coo l ing of both tho 
coo li ng fins (wh e re prov i dod) and th e f i x e d p l at e . — Th o cool i ng f i ns may b e l ocat e d 
b e twe e n th e f i x e d plat e and a d i ffus e r p l at e for direct i ng a str e am of compr e ss e d flu i d 
from an i mpo lle r to a fluid chamber so that tho fins can a l so prov i de for coo l ing of tho 
d i ffusor p l ato. 

Th e pr e s e nt inv e ntion also prov i des a vacuum pump compris i ng a compr e ssor 
m e chanism as afor e m e ntioned. 

Exc e ssiv e heating of th e compr e ssor m e chan i sm may occur i f th e pump i s op e rat e d 
ov e r a re l ativ el y l ong period at a r el at i ve l y h i gh pr e ssur e , for examp l e, i f a door to a l oad 
l ock chamb e r e vacuat e d by th e pump has boon i nadvertent l y loft opon. — In ordor to 
pr e v e nt excess i ve heating of th e pump, th e t e mp e ratur e of th e pump may b e mon i tor e d, 
and th e sp ee d of rotat i on of th e compr e ssor m e chanism var ie d in r e spons e to th e 
monitor e d t e mp e ratur e . Th i s can e nab le th e spood of tho pump to bo r e duc e d i n th e 
e vent of ov e rh e at i ng, thoroby r e duc i ng th e temperature w i th i n the pump, and pr e v e nting 
the pump from b ei ng unduly op e rat e d at a high sp ee d for a r el ativ el y long p e riod. 

Th e r e for e , th e pump pr e f e rab l y comprises means for monitor i ng th e t e mperatur e of th e 
pump, and m e ans for contro lli ng tho speed of rotat i on of th e shaft i n dependence on th e 
mon i tor e d t e mp e rature. — Th e monitoring means may b e conv e ni e ntly provid e d by any 
suitab le temp e ratur e s e nsor, such as a th e rmocoup le , l ocat e d w i th i n or i n c l os e 
prox i mity to th e hous i ng. — A contro lle r for contro l ling a motor dr i v i ng th e dr i v e shaft may 
prov i d e th e contro l m e ans. 

I n ord e r to cool th e hous i ng, to which h e at w i ll b e transf e rr e d by th e pump e d fluid, an 
e xt e rna l coo li ng syst e m may a l so b e provid e d, for exampl e , in th e form of a coo l ing 
jack e t ext e nding about at least part of the compressor mechan i sm. 

Whoro tho pump i s to bo us e d as a back i ng pump, the back i ng pump may cons i st of 
such a mu l t i stag e c e ntr i fuga l compressor m e chan i sm, i n comb i nat i on with any su i tab le 
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boost e r pump. — Such a booster pump may be provided by a pump compr i s i ng such a 
mu l t i stag e c e ntr i fuga l compr e ssor m e chan i sm downstream from a mo l ecular drag 
m e chan i sm, th e numb e r of stag e s of th e compr e ssor mechan i sm (for e xampl e , two) 
b ei ng small e r i n th e booster pump than i n th e backing pump (for e x a mp le , s i x or s e v e n). 
Alternat i ve l y, tho convent i ona l comb i nation of booster and back i ng pumps may be 
r e p l ac e d by a sing le pump, th i s pump compr i sing a multi stag e (for e xamp le , s i x or 
s e v e n stag e ) c e ntr i fuga l compressor m e chanism downstr e am from a mult i stag e (for 
e xample, four stage) mo l ecu l ar drag m e chanism. Tho mo l ecu l ar drag mechanism 
pr e f e rably compris e s a mu l ti - stage Ho l w e ck m e ch a n i sm h a v i ng a p l ura l ity of chann e ls 
arrang e d as a p l ura li ty of h e l i xes. — The drag stag e s may b e arrang e d i n s e r ie s, i n 
paral lel for maximum pump e d vo l ume, or i n a comb i nat i on of both. — In ord e r to m i nimis e 
th e l ength of th e pump th e mo le cular drag m e chan i sm pr e f e rably at l e ast part i a ll y 
surrounds a motor for rotat i ng th e dr i v e shaft. — For instanc e , wh e r e th e mol e cu l ar drag 
pump i ng m e chanism is a Ho l w e ck m e chanism, a rotor el ement of tho mo l ecu l ar drag 
pumping m e chan i sm typ i ca ll y comprises a cy l inder mount e d for rotary mov e ment w i th 
th e rotor ele m e nts of th e compr e ssor m e chan i sm, wh i ch cy li nd e r may at le ast partia ll y 
surround th e moto r. — Th i s, i n a furth e r asp e ct th e pres e nt i nv e ntion prov i d e s a vacuum 
pump compris i ng a mult i stag e centr i fuga l compressor mechan i sm compris i ng a 
p l ura l ity of rotor e l e m e nts mounted on a rot a tably mount e d dr i ve shaft, and, upstr e am 
th e r e from, a mo le cu l ar dr a g m e chanism comp ri s i ng a t le ast on e rotor ele m e nt mount e d 
on th e dr i vo shaft, whoro i n tho at l oast one rotor element of the molecu l ar drag 
mechan i sm at l east part i a l ly surrounds a motor for rotating th e dr i v e shaft. 

As d i scuss e d abov e , for rapid pump down of a chamb e r th e pump may b e prov i d e d w i th 
valv e m e ans for enab li ng compross o d flu i d to by - pass on e or more of tho i mpe l lers of 
th e multi - stag e c e ntrifugal compr e ssor m e ch a n i sm, a l lowing th e pump to pump down at 
fu l l i n le t sp ee d e ve n wh en th e e xhaust stag e s of th e compr e ssor m e chanism ar e 
som e what sm al l e r than th e in l et stag e s. W i th such a design, tho back i ng pump may 
b e come a r e strict i on to th e flow of flu i d through th e pump i ng arrang e ment. — Th e refore, 
i n a pr e f e rr e d arrang e m e nt a fluid by - pass conduit is conn e ct e d b e tw ee n an e xhaust 
from the boost e r pump and an e xhaust from tho backing pump, w i th m e ans b e ing 
provided for contro ll ing th e flow of flu i d through th e by pass. — Such an arrangement 
may b e prov i ded for any comb i nation of boost e r and backing pumps. " 
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Please amend page 10 by inserting the following text before line 4 as follows: 
" In accordance with the present invention at least one of the booster pump and the 
backing pump in the conventional pumping arrangement is replaced by a vacuum pump 
comprising a multi-stage centrifugal compressor system. In one embodiment, both the 
booster pump and the backing pump are replaced by a single vacuum pump exhausting 
to atmosphere. In a second embodiment the booster pump is provided by a similar 
vacuum pump to the first embodiment, having a reduced number of compressor stages, 
backed by a backing pump. This backing pump may be a conventional backing pump, 
or, in accordance with a third embodiment, may be a vacuum pump comprising a multi- 
stage centrifugal compressor system exhausting to atmosphere. Such a backing pump 
may be provided with a conventional Roots booster pump. Thus, in one aspect, the 
present invention provides a vacuum pump comprising a multi-stage centrifugal 
compressor mechanism for receiving fluid to be pumped and exhausting pumped fluid 
substantially at atmospheric pressure- 
Due to the reduced levels of size, noise and vibration associated with a centrifugal 
compressor system in comparison to the conventional dry pumps, replacing one or both 
of the conventional backing and booster pumps with a pump comprising a multi-stage 
centrifugal compressor mechanism can enable at least part of the pumping 
arrangement to be mounted on the processing tool, thereby potentially avoiding the 
expensive long runs of large diameter pipe work. 

It is desirable to perform the evacuation of a vacuum chamber, such as a load lock 
chamber, from atmospheric pressure to a low pressure as guickly as possible. The 
faster that this evacuation can be accomplished, the higher the rate of processing 
substrates becomes. However, during the initial stages of the evacuation of a chamber 
from atmospheric pressure using a pump having a multi-stage pumping mechanism, the 
compression of fluid by the pumping mechanism can cause the fluid pressure to 
increase above atmospheric pressure. This can result in undesirable overloading of 
the exhaust stages of the pumping mechanism. If such a pump is operated for a 
significant period in this condition, damage can occur in the form of seals and/or 
bearings failing, or by impact between the fragile rotating impellers and pump's housing. 
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In view of this, in another aspect the present invention provides a multi-stage centrifugal 
compressor mechanism comprising a housing, a drive shaft rotatablv mounted within 
the housing, a plurality of fixed members disposed within the housing and defining a 
plurality of interconnected fluid chambers, a plurality of impellers mounted on the drive 
shaft and disposed relative to the fixed members such that each impeller delivers 
compressed fluid to a respective fluid chamber, a bypass channel extending between 
two of the fluid chambers to enable fluid to pass between those chambers without 
compression, and means for controlling the flow of fluid through the bypass channel. 
Compressed fluid can thus be conveyed between fluid chambers without compression, 
which can enable a larger upstream pumping stage to operate at full speed without 
causing the pumped fluid to be pressurised above atmospheric pressure. 

The control means is thus preferably arranged to open the bypass channel under the 
influence of a pressure difference between said two of the fluid chambers, and in 
particular when the pressure in an upstream one of said two of the fluid chambers is 
greater than the pressure in a downstream one of said two of the fluid chambers. 

In a preferred embodiment, said two of the fluid chambers are adjacent fluid chambers 
of the compressor mechanism, although one or more other fluid chambers may, 
alternatively, separate these two fluid chambers. For example, one of the fluid 
chambers may be the first, lowest pressure fluid chamber of the pumping mechanism, 
and the other fluid chamber by the last, highest pressure fluid chamber of the pumping 
mechanism. Where these two fluid chambers are adjacent, however, the bypass 
channel may conveniently pass through the fixed member located between the fluid 
chambers. 

The control means preferably comprises valve means, for example, a valve member 
displaceable in use between a closed position and an open position by pressurised 
fluid. Such a valve member may be conveniently provided by a flap valve, which can 
be conveniently positioned within a fluid chamber to control the flow of fluid into that 
fluid chamber from the bypass channel. 
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Preferably, the mechanism comprises, for each fluid chamber, a respective bypass 
channel extending between that fluid chamber and the adjacent downstream fluid 
chamber, and means for controlling the flow of fluid through each bypass channel- 
Centrifugal compressor mechanisms are susceptible to surging of pumped fluid when 
the specific flow rate of the pumped fluid through a stage of the compressor mechanism 
is relatively low. The surging manifests itself in a backflow of fluid into the compressor 
impeller, and adversely affects the efficient operation of the vacuum pump, and in 
extreme conditions, may actually damage the pump. In view of this, the mechanism 
preferably comprises surge control means for controlling surge within the compressor 
mechanism. Therefore, in a further aspect the present invention provides a multi-stage 
centrifugal compressor mechanism comprising a housing, a drive shaft rotatablv 
mounted within the housing, a plurality of fixed members disposed within the housing 
and defining a plurality of interconnected fluid chambers, a plurality of impellers 
mounted on the drive shaft and disposed relative to the fixed members such that each 
impeller delivers compressed fluid to a respective fluid chamber, and surge control 
means for controlling surge within the multi-stage centrifugal compressor mechanism. 

The surge control means preferably comprises means for conveying a stream of fluid to 
each fluid chamber, and means for controlling the rate of flow of the fluid stream into 
each fluid chamber. In one embodiment, the conveying means is arranged to convey a 
stream of gas, such as air, nitrogen or an inert gas, to each fluid chamber. In another 
embodiment, the conveying means is arranged to convey a stream of compressed fluid 
to each fluid chamber. In either case, the rate of flow through the compressor 
mechanism can be maintained at a value above that at which surging will occur. 

Where the conveying means is arranged to convey a stream of compressed fluid to 
each fluid chamber from a downstream fluid chamber, the conveying means preferably 
comprises, for each fluid chamber, a fluid passage (separate from the previously- 
mentioned bypass channel) extending between that fluid chamber and the adjacent 
downstream fluid chamber. These fluid passages are preferably co-axial. 
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The means for controlling the rate of flow of the fluid stream into each fluid chamber 
preferably comprises valve means. The valve means may comprise a series of valves 
for controlling fluid flow through respective fluid passages or a spool valve for controlling 
fluid flow through each fluid passage. The valve means is preferably located at least 
partially within the chamber, thereby avoiding the need to provide external pipe 
connections. The valve means may be controlled by a separate controller. In order to 
control the valve means, a pressure sensor may be provided to monitor the pressure of 
fluid passing through a pump inlet, a signal from the inlet sensor being supplied to a 
control system which controls the opening and closing of the valve means. In addition, 
or alternatively, pressure sensors may be provided within the pumping mechanism to 
monitor pressure fluctuation within the pumping mechanism, and thus detect the onset 
of surging. 

Each impeller preferably has on one side thereof a plurality of vanes or blades 
extending between the inner periphery and the outer periphery thereof. Each blade 
preferably follows a curved path. To facilitate manufacture, each fixed member 
preferably comprises a disc integral with a respective part of the housing. 

Fluid that is compressed by the compressor mechanism typically becomes hot. In 
order to cool fluid pumped by the compressor mechanism, particularly at the exhaust 
stages, the mechanism preferably comprises means for cooling each fixed member. 
For example, a plurality of cooling fins may be provided on one side thereof. 
Alternatively, or in addition, the cooling means may comprise means for supplying a 
flow of coolant to each fixed member. This can provide direct cooling of both the 
cooling fins (where provided) and the fixed plate. The cooling fins may be located 
between the fixed plate and a diffuser plate for directing a stream of compressed fluid 
from an impeller to a fluid chamber so that the fins can also provide for cooling of the 
diffuser plate. 

The present invention also provides a vacuum pump comprising a compressor 
mechanism as aforementioned. 
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Excessive heating of the compressor mechanism may occur if the pump is operated 
over a relatively long period at a relatively high pressure, for example, if a door to a load 
lock chamber evacuated by the pump has been inadvertently left open. In order to 
prevent excessive heating of the pump, the temperature of the pump may be monitored, 
and the speed of rotation of the compressor mechanism varied in response to the 
monitored temperature. This can enable the speed of the pump to be reduced in the 
event of overheating, thereby reducing the temperature within the pump, and preventing 
the pump from being unduly operated at a high speed for a relatively long period. 

Therefore, the pump preferably comprises means for monitoring the temperature of the 
pump, and means for controlling the speed of rotation of the shaft in dependence on the 
monitored temperature. The monitoring means may be conveniently provided by any 
suitable temperature sensor, such as a thermocouple, located within or in close 
proximity to the housing. A controller for controlling a motor driving the drive shaft may 
provide the control means. 

In order to cool the housing, to which heat will be transferred by the pumped fluid, an 
external cooling system may also be provided, for example, in the form of a cooling 
jacket extending about at least part of the compressor mechanism. 

Where the pump is to be used as a backing pump, the backing pump may consist of 
such a multi-stage centrifugal compressor mechanism, in combination with any suitable 
booster pump. Such a booster pump may be provided by a pump comprising such a 
multi-stage centrifugal compressor mechanism downstream from a molecular drag 
mechanism, the number of stages of the compressor mechanism (for example, two) 
being smaller in the booster pump than in the backing pump (for example, six or seven). 
Alternatively, the conventional combination of booster and backing pumps may be 
replaced by a single pump, this pump comprising a multi-stage (for example, six or 
seven stage) centrifugal compressor mechanism downstream from a multi-stage (for 
example, four stage) molecular drag mechanism. The molecular drag mechanism 
preferably comprises a multi-stage Holweck mechanism having a plurality of channels 
arranged as a plurality of helixes. The drag stages may be arranged in series, in 
parallel for maximum pumped volume, or in a combination of both. In order to minimise 
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the length of the pump the molecular drag mechanism preferably at least partially 
surrounds a motor for rotating the drive shaft. For instance, where the molecular drag 
pumping mechanism is a Holweck mechanism, a rotor element of the molecular drag 
pumping mechanism typically comprises a cylinder mounted for rotary movement with 
the rotor elements of the compressor mechanism, which cylinder may at least partially 
surround the motor. This, in a further aspect the present invention provides a vacuum 
pump comprising a multi-stage centrifugal compressor mechanism comprising a 
plurality of rotor elements mounted on a rotatably mounted drive shaft, and, upstream 
therefrom, a molecular drag mechanism comprising at least one rotor element mounted 
on the drive shaft, wherein the at least one rotor element of the molecular drag 
mechanism at least partially surrounds a motor for rotating the drive shaft. 

As discussed above, for rapid pump down of a chamber the pump may be provided with 
valve means for enabling compressed fluid to bv-pass one or more of the impellers of 
the multi-stage centrifugal compressor mechanism, allowing the pump to pump down at 
full inlet speed even when the exhaust stages of the compressor mechanism are 
somewhat smaller than the inlet stages. With such a design, the backing pump may 
become a restriction to the flow of fluid through the pumping arrangement. Therefore, 
in a preferred arrangement a fluid bv-pass conduit is connected between an exhaust 
from the booster pump and an exhaust from the backing pump, with means being 
provided for controlling the flow of fluid through the bv-pass. Such an arrangement 
may be provided for any combination of booster and backing pumps. " 

Please amend page 18 by inserting the following text beginning line 16 as 
follows: 

"While the foregoing description and drawings represent the preferred embodiments of 
the present invention, it will be apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from the true spirit and scope 
of the present invention. " 
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